Once a container-grown seedling is ready for transplant, the root system is extracted from the container resulting in a plug of potting mix and intact roots. Seedlings may be shipped and stored on-site in containers or extracted prior to shipment. Containergrown coniferous seedlings have been used successfully in the Pacific Northwest, with increased survival and growth reported in many studies (McDonald 1991 ) . Hardwood research in the South has not shown a consistent advantage of containerized over bareroot seedlings (Kerr 1994 ). Tinus (1979) suggests that varied results from studies comparing container-grown and bareroot seedlings can be understood in terms of the relation between site stress and first year survival of different qualities of stock. On highly favorable sites, most planting stocks survive well regardless of quality. However, on poor sites the best stock survives poorly and lesser stocks will not survive. Stated in these terms, does the advantage container seedlings have of possessing all their roots, mostly oriented downward, in a plug of potting mix (McDonald 1991) necessarily result in higher quality planting stock as reflected in higher first year survival relative to bareroot seedlings?
Reclaimed mine spoil has been shown to have higher surface temperatures, greater surface air movement and lower relative humidity than undisturbed areas (Jenkins 1980) . These microclimatic conditions combine to create severe moisture stress for tree seedlings, particularly during the months of July and August. Bilan (1980) and Bryson (1980) have concluded that most seedling mortality on reclaimed areas can be attributed to moisture stress. This applied study was designed to assist reclamation personnel at the Monticello Mine select appropriate commercially available stock and the best 266 season for planting. As such, the techniques and procedures for growing, shipping, storing, handling and planting were limited to those in use by Weyerhaeuser and TUMCO. The objective was to determine if seedling stock type (containers versus bareroot) influenced first year survival.
Methods
Seedlings were grown in 1994 at Weyerhaeuser's Ft. Towson forest tree nursery located in southeast Oklahoma. Seed for each species were randomly selected from a common seed lot and used for both bareroot and containerized seedlings. Bareroot seedlings were grown in the outdoor nursery beds at Ft. The paper is two pages down. The two pages here could not be be removed.
were used for each site. Seedlings were planted on a 3.0m x 4.6m (IO' x 15') grid. Each replication for each site was 45.7m x 118.9m(150' x 390') and consisted of 9 (3 species x 3 seedling types) randomly placed rows of36 seedlings. A total of2916 seedlings were planted (3 sites x 3 replications x 3 species x 3 seedling types x 36 seedlings). The number of seedlings planted for each species was 324 (3 replications x 3 seedling types x 36 seedlings), although 648 seedlings of willow oak and sawtooth oak were planted, since these species were used on two sites.
Reclaimed soils in the study area consisted of a topsoil substitute created by selective handling of the overburden based upon physical and chemical characterizations of geologic strata prior to mining. Minesoil was sampled on one 9.3 ha (23 ac) grid and analyzed following procedures required by the mining regulatory authority (Railroad Commission of Texas 1989). The soil sample for the grid was a composite of 24 sub-samples taken at one depth increment: 0 -0.3m (0 -1 '). Soil parameters of interest in this study included pH, texture and plant available nitrogen, P 2 0 5 , K 2 0, calcium and magnesium.
The study plots were seeded with winter wheat (Triticum aestivum) and mulched with hay in September 1994, prior to planting trees. Since the wheat became dormant as the tree seedlings began to grow, there was sparse actively growing groundcover during the first growing season. Vegetation control was not required.
Fall containerized seedlings were planted on October 13-14, 1994. Winter containerized and bareroot seedlings were planted on February 20-22, 1995. After shipment and prior to planting, fall-and winter-planted containerized seedlings were stored in trays indoors and misted with tap water as necessary. Temperature was controlled only to the extent necessary to prevent the seedlings from freezing. Sunlight was provided through windows. Bareroot seedlings were stored at 2°C (35°F). All seedlings were planted within two weeks of receipt using a single furrow, two person mechanical tree planter. Containerized seedlings were extracted from the containers immediately prior to planting. Each seedling, regardless of stock type, was fertilized with a 21-gram Agriform™(20-10-5 plus minors) two year tablet dropped from the tree planter within 5 .1 cm (2 ") of its root mass as the seedling was placed in the furrow. Care was taken during planting to insure plugs were not exposed above ground, which can result in desiccation shortly after planting. All seedlings were inspected after planting to insure correct planting depth 267 and proper sealing of the furrow.
Rainfall records were kept daily at the reclamation office five miles east of the study area.
Survival was determined in October, 1995. Differences in the mean number of surviving seedlings were analyzed using the General Linear Models Procedure of the Statistical Analysis System (SAS) and converted to percentages for reporting here.
Results and Discussion
The minesoils in the study area were conducive to hardwood seedling survival. Texture was sandy clay loam with a pH of 5.5. Plant available nitrogen and phosphorus were low but other sampled major nutrients were present in adequate amounts (Table 1) . These results are similar to analyses of minesoils reported for Freestone (Angel 1973 , Hons et al. 1978 , Harrison (MacBeth 1980) and Panola (Bryson 1980) Counties {Texas) that indicate although nitrogen and phosphorus may be growth limiting, other major nutrients are available in adequate amounts. Fertilization with Agriform ™ tablets helped insure adequate amounts of nitrogen, phosphorus and minor nutrients. Once established, seedlings looked vigorous and healthy. Based on the soil analyses available, the minesoils did not appear to have a major impact on survival in this study, particularly since each seedling was individually fertilized at the time of planting.
Rainfall
Above average rainfall was recorded during most months of the study (Table 2) . During October 1994, 11.28 cm (4.44 in.) of rain fell before containerized seedlings were planted. Three days after planting, 3.78 cm (1.49 in.) of rain occurred. In February 1995, rainfall was close to half the expected norm. Prior to planting containerized and bareroot seedlings, 1.90 cm (0.75 in.) of rain fell. Five days after planting, there was a two day rainfall event of 3 .17 cm (1.25 in.)
Although the fall planting received more total rainfall immediately prior and after planting, the winter planting had the advantage of above average rainfall during the months prior to planting. The timing and amount of rainfall was adequate for encouraging seedling establishment during both the fall and winter plantings. None of the months during the study had rainfall equal to or less than the "2 year in 10 less than" Abstract: Successful regeneration of hardwood tree seedlings is critical to the reclamation of quality wildlife habitat and commercial forests on lignite mines in northeast Texas. Because bareroot hardwood seedling survival rates have often been lower than desired, the survival of containerized and bareroot hardwood tree seedlings was compared. Seven hardwood species, including six species of oaks, were planted in lignite minesoils on sites classified as bottomland, slope and upland. Three species were planted per site. Containerized seedlings were planted during the fall and winter, whereas bareroot seedlings were planted in the winter only. Survival was determined at the end of the first growing season. Results across all sites indicate that winter-planted containerized seedlings (64% survival) had significantly lower survival than either fall-planted containerized seedlings (74%) or bareroot seedlings (76%). Within the sites, the only significant difference was on upland sites where survival of winter-planted containerized seedlings (60%) was lower than bareroot seedlings (77%). Survival among species was not significantly different. There was no significant survival benefit from using more expensive containerized hardwood seedlings. The results also question the practice of planting containerized hardwood seedlings during the typical winter planting season for optimum survival. 
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Selection of quality planting stock and proper care of seedlings before and during planting have been recognized as key elements for successful stand establishment (Allen and Kennedy 1989) . This study focuses on selection of planting stock, comparing the survival of containerized hardwood seedlings to bareroot seedlings. Much interest has been centered on the use of greenhouse-grown containerized hardwood seedlings, as opposed to bareroot seedlings grown in outdoor nursery beds, for reforestation of lignite mine sites. With bareroot nurseries now devoting more resources to the production of hardwood seedlings than in the past, this study was established to better understand the potential benefits, if any, of using more expensive containerized seedlings.
Southern pine containerized seedlings are known to have several advantages over bareroot seedlings (USDA Forest Service 1989) . Early planting of containerized seedlings in the South can begin in October, allowing seedlings to become established before the first freeze. Although bareroot seedlings can also be planted in the fall, seedlings must be planted as they are lifted from nursery beds and cannot be stored. From a practical standpoint, the logistics involved prevent fall planting of bareroot seedlings on a large scale. Tinus ( 1979) states that the same advantages for Proceedings America Society of Mining and Reclamation, 1997 pp 265-271 DOI: 10.21000/JASMR97010265 Table 1 . Major nutrient concentrations in the O -0.3m (0 -l ') depth of the minesoil based on one composite sample (24 subsamples) taken from a 9.3ha (23 acre) grid in the study area at Monticello Mine. During August and September 1995, rainfall was close to normal. Normal rainfall during summers in northeast Texas, however, does result in moisture stress, particularly for first year plantings. Most of the mortality in this study was probably the result of this moisture stress.
Survival
Overall, hardwood seedlings survived at 71 %, ranging from 59% to 79% among treatments (Table 3 ).
Seedling Types. Across all sites the survival ofwinterplanted containerized seedlings (64%) was significantly lower than fall-planted containerized seedlings (74%) and winter-planted bareroot seedlings (76%). Within the sites, the upland category showed similar significant statistical results. Although not statistically significant, the same trend occurred in the bottomland and slope categories as well.
There were no significant differences between fall-planted containerized and winter-planted bareroot stock.
It is not clear why this difference in survival between winter and fall-planted containerized seedlings occurred. Although every precaution was taken to insure similar handling and storage of the containerized seedlings, different storage conditions invariably result from two planting dates. Cold storage (2°c) for winterplanted containerized seedlings is an option not studied here, although Kerr (1994) reported that cold storage had no significant effect on survival of cell ( container) grown oak and beech seedlings one year following outplanting. The most plausible explanation for the survival differences is that fall-planted seedlings are able to initiate root growth sooner and are better positioned to become well established prior to the time moisture becomes a limiting factor.
Species. There were no statistical differences in survival between species (Table 4) . However, the survival rate for sawtooth oak on slope sites (57%) was very close to being significant (alpha=0.0525). Survival of sawtooth oak on upland sites ( 67%) was not significant.
Further trials with sawtooth oak are warranted to determine if it has inherently lower first year survival rates than the other species studied.
Conclusions
There was no survival benefit from using the more expensive containerized hardwood ~eedlings. This was somewhat surprising since it was thought that 269 the containerized stock, with their intact root systems and reduced handling stress, might establish themselves quicker and be in better position to withstand environmental extremes. In fact the results question the practice of planting containerized stock during the typical winter-planting season, given the storage and handling practices used in this study. ,
Since bareroot hardwood seedlings are cheaper, the results suggest that bareroot seedlings should be selected over containerized seedlings. However, depending on other circumstances at individual mine sites, it may also be cost effective to fall-plant containerized hardwoods. At Monticello Mine, due to the ability to optimize the use of available experienced labor and equipment, we feel the combination of fall-planted containerized hardwoods and winter-planted bareroot hardwoods best meet our reclamation objectives at this time. For each row seedling types followed by the same letter do not differ statistically (alpha=.05). In the mean column sites followed by the same letter do not differ statistically (alpha=.05). For each column (site) species followed by the same letter do not differ statistically (alpha=0.05).
